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(54) DISPLAY DEVICE AND APPARATUS

(57) A display device (1) includes a screen (13) to
form an intermediate image with light and a concave mir-
ror (16), and a first mirror (14) disposed between the
screen (13) and the concave mirror (16). The first mirror
(14) includes a first reflective area (31) to reflect the light
emitted from the screen (13) to the concave mirror (16)

and a second reflective area (32) to reflect the light emit-
ted from the concave mirror (16) to an area where a virtual
image is formed. The first reflective area (31) and the
second reflective area (32) at least partly overlap on each
other to form a common reflective area (33).
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure relate
to a display device and an apparatus.

Background Art

[0002] A heads-up display (HUD) is used as an appli-
cation that allows a driver (an observer) to recognize var-
ious kinds of information (for example, vehicle informa-
tion, navigation information, and warning information)
with reduced movement of line of sight in a mobile object
such as a vehicle.
[0003] For example, a display device that projects dis-
play light (intermediate image) having image information,
onto a windshield to thereby display a virtual image has
a configuration in which a mirror is provided between a
liquid crystal panel for generating an intermediate image
and a concave mirror for enlarging an intermediate im-
age. In such a configuration, light that is output from the
liquid crystal panel and is directed toward and enters the
concave mirror and light that is output from the concave
mirror and is directed toward and enters the windshield
are reflected by the flat mirror (JP-2009-115908-A). This
configuration reduces the aberration of light that is output
from the concave mirror and is directed toward (enters)
the windshield, which enhances image quality of a virtual
image.
[0004] Such a display device, however, includes a
space for providing a first reflective area and a second
reflective area in the flat mirror. The first reflective area
is an area to reflect light emitted from a screen (liquid
crystal panel) that forms an intermediate image, toward
the concave mirror. The second reflective area is an area
to reflect light emitted from the concave mirror toward
the windshield. That is, in the configuration according to
a comparative example illustrated in FIG. 12, the first
reflective area and the second reflective area are sepa-
rately disposed on the flat mirror. This configuration em-
ploys a large flat mirror, which hampers downsizing of
the display device.

SUMMARY

[0005] In one aspect of this disclosure, there is provid-
ed an improved a display device including a screen to
form an intermediate image with light; a concave mirror,
and a first mirror disposed between the screen and the
concave mirror. The first mirror includes a first reflective
area to reflect the light emitted from the screen to the
concave mirror and a second reflective area to reflect the
light emitted from the concave mirror to an area where a
virtual image is formed. The first reflective area and the
second reflective area at least partly overlap on each

other to form a common reflective area.
[0006] In another aspect of this disclosure, there is pro-
vided an improved apparatus including the above-de-
scribed display device and a transmission and reflection
member to form a virtual image with the light forming the
intermediate image.
[0007] The configuration according to the embodi-
ments of the present disclosure enhances image quality
of a virtual image without increasing the size of the display
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure will be
better understood by reference to the following detailed
description when considered in connection with the ac-
companying drawings, wherein:

FIG. 1 is an illustration of a configuration of a display
device according to an embodiment of the present
disclosure;
FIG. 2 is a block diagram of a hardware configuration
of the display device of FIG. 1;
FIG. 3 is a block diagram of a functional configuration
of the display device of FIG. 1;
FIG. 4 is an illustration of a specific configuration of
a light source section according to an embodiment
of the present disclosure;
FIG. 5 is an illustration of a specific configuration of
a scanning mirror according to an embodiment of
the present disclosure;
FIG. 6 is an illustration of a specific configuration of
a screen according to an embodiment of the present
disclosure;
FIG. 7 is an illustration of an example in which a
virtual image is overlapped in real space;
FIG. 8 is an illustration of a relation between a con-
vergence angle corresponding to an image-forming
position of an observation target and another con-
vergence angle corresponding to an image-forming
position of display information;
FIG. 9 is a graph of a relation between a distance
from a viewpoint position to a target and a conver-
gence angle;
FIG. 10 is an illustration of a configuration of a first
flat mirror according to an embodiment of the present
disclosure;
FIG. 11 is an illustration of an incident angle of light
reflected from the first flat mirror according to an em-
bodiment of the present disclosure; and
FIG. 12 is an illustration of an example in which the
first flat mirror according to an embodiment of the
present disclosure is compared with a first flat mirror
according to a comparative example.

[0009] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
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not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0010] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this patent specifi-
cation is not intended to be limited to the specific termi-
nology so selected and it is to be understood that each
specific element includes all technical equivalents that
have the same function, operate in a similar manner, and
achieve similar results.
[0011] Although the embodiments are described with
technical limitations with reference to the attached draw-
ings, such description is not intended to limit the scope
of the disclosure and all of the components or elements
described in the embodiments of this disclosure are not
necessarily indispensable.
[0012] The present disclosure is not limited to the fol-
lowing embodiments, and the constituent elements of the
embodiments includes those which can be easily con-
ceived by those skilled in the art, substantially the same
ones, and those in the following embodiments include
those which can be easily conceived by those skilled in
the art, substantially the same, and within equivalent
ranges. Furthermore, various omissions, substitutions,
changes and combinations of constituent elements can
be made without departing from the gist of the following
embodiments.
[0013] A detailed description is given below of a display
device 1 and an apparatus 1000 according to embodi-
ments of the present disclosure, with referring to the fig-
ures. The present disclosure is not limited to the following
embodiments, and the constituent elements of the em-
bodiments includes those which can be easily conceived
by those skilled in the art, substantially the same ones,
and those in the following embodiments include those
which can be easily conceived by those skilled in the art,
substantially the same, and within equivalent ranges.
Furthermore, various omissions, substitutions, changes
and combinations of constituent elements can be made
without departing from the gist of the following embodi-
ments.
[0014] FIG. 1 is an illustration of a configuration of the
display device 1 according to an embodiment of the
present disclosure. The display device 1 according to the
present embodiment is a heads-up display (HUD) mount-
ed on the apparatus 1000. Examples of the apparatus
1000 include a mobile object such as a vehicle, an air-
craft, and a ship, and a non-mobile body such as a steer-
ing simulation system, or a home theater system. The
following describes a HUD mounted on an automobile
as an example of the display device 1.
[0015] The display device 1 includes a light source sec-
tion 11, a scanning mirror 12, a screen 13, a first flat
mirror 14 (a first mirror), a second flat mirror 15 (a second

mirror), and a concave mirror 16.
[0016] The windshield 17 is a transmission and reflec-
tion member that allows some of light rays to transmit
therethrough and reflects the remaining light rays (having
partial reflection function). The windshield 17 serves as
a semitransparent mirror that allows an observer (driver)
10 to visually recognize the real space in front and a
virtual image 25 providing prescribed information to the
observer 10. In some embodiments, the windshield 17
includes a curved surface. The virtual image 25 provides,
for example, vehicle information (e.g., speed and travel
distance), navigation information (e.g., route guidance
and traffic information), and warning information (e.g.,
collision warning) to the observer 10. In some embodi-
ments, the display device 1 displays the virtual image 25
to overlap the real space in front of the windshield 17. In
some embodiments, a semitransparent mirror (combin-
er) is used as a separate transmission and reflection
member having the same function (partial reflection func-
tion) as that of the windshield 17.
[0017] The light source section 11 emits laser light. In
at least one embodiment, the light source section 11
emits laser light in which three laser beams of three
colors, red R, green G, and blue B are combined. The
laser light emitted from the light source section 11 is di-
rected to the reflecting surface of the scanning mirror 12.
[0018] The scanning mirror 12 is a device that changes
the traveling direction of laser light using, e.g., micro-
electromechanical systems (MEMS). The scanning mir-
ror 12 constitutes, for example, a mirror system that in-
cludes one micro-mirror that swings with respect to two
orthogonal axes and two mirrors that swing with respect
to or rotate about one axis.
[0019] The laser beam emitted from the scanning mir-
ror 12 scans the screen 13 to form an intermediate image
that is a two-dimensional image on the screen 13. The
screen 13 that includes, for example, a microlens array
is operable to diverge the laser beam at a predetermined
divergence angle.
[0020] The second flat mirror 15 reflects light emitted
from the screen 13 to the first flat mirror 14. In some
embodiments, the light emitted from the screen 13 is di-
rectly directed to the first flat mirror 14 without using the
second flat mirror 15. The second flat mirror 15 is dis-
posed as appropriate according to design necessity. As
illustrated in FIG. 1 for example, the second flat mirror
15 is disposed so that the light emitted from the screen
13 travels indirectly to the first flat mirror 14 in the case
in which the light emitted from the screen 13 has difficulty
in directly traveling to the first flat mirror 14 due to the
restriction of the storage space of the display device 1.
[0021] The first flat mirror 14 reflects the light emitted
from the screen 13 to the concave mirror 16. In the
present embodiment, the "light emitted from the screen
13" refers to light that has been emitted from the screen
13 and reflected by the second flat mirror 15. However,
no limitation is intended therein. In some embodiments,
the "light emitted from the screen 13" is light that has
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been emitted from, e.g., the screen 13 and has directly
traveled to the first flat mirror 14. In some other embod-
iments, the "light emitted from the screen 13" is light that
has been emitted from the screen 13 and has passed
through one or more optical members (including the sec-
ond flat mirror 15) disposed in an optical path between
the screen 13 and the first flat mirror, traveling to the first
flat mirror 14. The first flat mirror 14 reflects the light emit-
ted from the concave mirror 16 to the windshield 17. The
light emitted from the screen 13 is reflected by a first
reflective area, which is described later, on the first flat
mirror 14. The light emitted from the concave mirror 16
is reflected by a second reflective area, which is de-
scribed later, on the first flat mirror 14.
[0022] The concave mirror 16 reflects the light reflected
from the first reflective area of the first flat mirror 14 to
the second reflective area of the first flat mirror 14. The
concave mirror 16 is designed and arranged to correct
image distortion due to the curved shape of the wind-
shield 17. The light emitted from the concave mirror 16
is reflected by the first flat mirror 14 to the windshield 17.
As a result, the light constituting an intermediate image
formed by the screen 13 is projected toward the wind-
shield 17, which allows the observer 10 to visually rec-
ognize the virtual image 25 with the light reflected by the
windshield 17.
[0023] In FIG. 1, an X axis indicates an axis in the lateral
direction of the apparatus 1000 (the automobile in the
present embodiment) mounted with the display device
1, and a Y axis indicates an axis in the vertical direction
of the apparatus 1000. Further, a Z axis indicates an axis
in the depth direction of the apparatus 1000.
[0024] FIG. 2 is a block diagram of a hardware config-
uration of the display device of FIG. 1 according to an
embodiment of the present disclosure. The display de-
vice 1 according to the present embodiment includes a
field-programmable gate array (FPGA) 101, a central
processing unit (CPU) 102, a read only memory (ROM)
103, a random access memory (RAM) 104, an interface
(I/F) 105, a bus line 106, a laser diode (LD) 109, an LD
driver 110, a MEMS 111, and a MEMS controller 112.
[0025] The LD 109 is a semiconductor light emitting
element constituting a part of the light source section 11.
The LD driver 110 is a circuit that generates a drive signal
for driving the LD 109. The MEMS 111 constitutes a part
of the scanning mirror 12 and displaces a mirror. The
MEMS controller 112 is a circuit that generates a drive
signal for driving the MEMS 111. The FPGA 101 is an
integrated circuit that is changeable in setting by a de-
signer of the display device 1. The LD driver 110 and the
MEMS controller 112 generate a drive signal according
to a control signal from the FPGA 101. The CPU 102 is
an integrated circuit that performs processing for control-
ling the display apparatus 1 as a whole. The ROM 103
is a storage device that stores a program for controlling
the CPU 102. The RAM 104 is a storage device that func-
tions as a work area of the CPU 102. The I/F 105 is an
interface for communicating with an external device, and

is connected to, for example, a controller area network
(CAN) of a car.
[0026] FIG. 3 is a block diagram of a functional config-
uration of the display device 1 according to an embodi-
ment of the present disclosure. The display device 1 ac-
cording to the present disclosure includes a vehicle in-
formation input unit 201, an external information input
unit 202, an image generator 203, and an image display
unit 204. The vehicle information input unit 201 is a func-
tional unit that obtains information (speed, traveling dis-
tance, and other information) of a car from, for example,
the CAN. The vehicle information input unit 201 is imple-
mented by, e.g., the I/F 105, the CPU 102, and a program
stored in the ROM 103. The external information input
unit 202 receives external information (for example, po-
sitional information from global positioning system
(GPS), route information from a navigation system, and
traffic information) of a car from external network. The
external information input unit 202 is implemented by,
e.g., the I/F 105, the CPU 102, and a program stored in
the ROM 103. The image generator 203 is a function unit
that determines a configuration of a virtual image 25 and
generates display information for displaying the virtual
image 25, based on the information obtained from the
vehicle information input unit 201 and the external infor-
mation input unit 202. The image generator 203 is imple-
mented by, e.g., the I/F 105, the CPU 102, and a program
stored in the ROM 103. The image display unit 204 is a
functional unit that displays a virtual image 25 on a pre-
determined screen (the windshield 17 in the present em-
bodiment) based on the display information generated
by the image generator 203. The image display unit 204
is implemented by, for example, the CPU 102, the FPGA
101, the LD 109, the LD driver 110, the MEMS 111, and
a MEMS controller 112. The image display unit 204 in-
cludes a controller 211 that is a functional unit that per-
forms processing for adjusting, for example, the position
and brightness of the virtual image 25. The controller 211
generates a signal for controlling, for example, the FPGA
101, the LD driver 110, and the MEMS controller 112.
[0027] FIG. 4 is an illustration of a specific configuration
of the light source section 11 according to at least one
embodiment. The light source section 11 according to
the present embodiment includes light source elements
301R, 301G, 301B, coupling lenses 302R, 302G, 302B,
apertures 303R, 303G, 303B, combining elements 304,
305, 306, and a lens 307. The light source elements
301R, 301G, 301B of three colors (R, G, B) are LDs each
having one or more light emitting points, and emits light
beams having different wavelengths λR, λG, λB (for ex-
ample, λR is 640 nanometers (nm), λG is 530 nm, λB is
445 nm). The emitted light beams are coupled by the
coupling lenses 302R, 302G, and 302B, respectively.
The coupled light beams are shaped by the apertures
303R, 303G, and 303B, respectively. Each of the aper-
tures 303R, 303G, 303B has a shape (for example, a
circle, an ellipse, a rectangle, or a square) according to
prescribed conditions of, for example, the divergence an-
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gle of the light beam. The light beams shaped by the
apertures 303R, 303G, 303B are combined by the three
combining elements 304, 305, and 306, respectively.
Each of the combining elements 304, 305, and 306 is a
plate-like or prismatic dichroic mirror to reflect or transmit
the corresponding light beam therethrough according to
the wavelength of the light beam, and thus combine the
light beams into one light beam that travels along one
optical path. The combined light beam passes through
the lens 307 and is directed to the scanning mirror 12.
[0028] FIG. 5 is an illustration of a specific configuration
of the scanning mirror 12 according to an embodiment
of the present disclosure. The scanning mirror 12 accord-
ing to the present embodiment is a MEMS mirror manu-
factured by a semiconductor process and includes a mir-
ror 351, a serpentine beam 352, a frame member 353,
and a piezoelectric member 354. The mirror 351 has a
reflecting surface that reflects a laser beam emitted from
the light source section 11 toward the screen 13. A pair
of serpentine beams 352 is formed with the mirror 351
interposed therebetween. The serpentine beam 352 in-
cludes a plurality of turning portions, each constituted by
a first beam 352a and a second beam 352b that are al-
ternately disposed in the serpentine beam 352. The ser-
pentine beam 352 is supported by the frame member
353. The piezoelectric member 354 is disposed to con-
nect the adjacent first beam 352a with the second beam
352b. The piezoelectric member 354 applies different
voltages to the first beam 352a and the second beam
352b to warp each of the beams 352a and 352b. As a
result, the adjacent beams 352a and 352b are bent in
different directions. With an accumulation of bending
force, the mirror 351 rotates in the vertical direction about
the horizontal axis. This configuration allows an optical
scanning in the vertical direction with a low voltage. An
optical scanning in the horizontal direction, on the axis
in the vertical direction, is performed with resonance us-
ing, for example, a torsion bar connected to the mirror
351.
[0029] FIG. 6 is an illustration of a specific configuration
of the screen 13 according to an embodiment of the
present disclosure. The screen 13 according to the
present embodiment has a microlens-array structure in
which a plurality of microlenses 371 is arranged without
gap, each microlens having a hexagon shape. The
screen 13 diverges the laser beam emitted from the scan-
ning mirror 12 at a predetermined divergence angle. The
width of each microlens 371 (the distance between two
opposed sides) is approximately 200 micrometer (mm).
Such a configuration that each microlens 371 has a hex-
agon shape allows the arrangement of the plurality of
microlenses 371 with high density. Note that the shape
of each microlens 371 is not limited to the hexagon shape.
Thus, alternatively, in some embodiments, each micro-
lens 371 has, for example, a rectangular shape, or a tri-
angle shape. In the present embodiment, the configura-
tion in which the plurality of microlenses 371 is regularly
arranged is illustrated. However, no limitation is intended

therein. In some embodiments, the center of each mic-
rolens 371 is decentered, and the plurality of microlenses
371 is irregularly arranged. When adopting such an ec-
centric arrangement, each microlens 371 has a different
shape.
[0030] Such a configuration allows enlarging and pro-
jecting an intermediate image formed on the screen 13,
onto the windshield 17, thus to display a virtual image 25
in the real space. At this time, the geometric shape of the
display information in the virtual image 25 is adjusted to
match the real space. This allows the observer 10 to per-
ceive the display information to be superimposed on the
real space.
[0031] FIG. 7 is an illustration for explaining the diffi-
culties in assembling when the virtual image 25 is super-
imposed on the real space. In FIG. 7, the solid line indi-
cates the positions of the virtual image 25 and the display
device 1 when the virtual image 25 is superimposed on
the real space, and the dot-dash line indicates the posi-
tions of the virtual image 25 and the display device 1
when the virtual image 25 is not superimposed on the
real space. When the virtual image 25 is not superim-
posed on the real space, the angle (depression angle)
at which the observer 10 looks down at the virtual image
25 is increased. This allows setting the display device 1
at a position relatively far from the observer 10 in the Z-
axis direction. In contrast, when the virtual image 25 is
superimposed on the real space, the depression angle
has to be reduced to have the virtual image 25 superim-
posed on the landscape far away from the observer 10
(display the virtual image 25 above). Accordingly, the dis-
play device 1 is to be set at a position relatively near the
observer in the Z-axis direction. However, in many cases,
it is difficult to install the display device 1 at a position
close to the observer 10 due to restrictions on the struc-
ture of the apparatus 1000 on which the display device
1 is mounted. In a car for example, a meter mechanism,
a pedal mechanism, an air conditioning mechanism, and
a handle mechanism are disposed in an area on the side
closer to the observer 10 in the dashboard. Accordingly,
there is a limited space to install the display device 1 in
this area. In view of such circumstances, there is a de-
mand for downsizing of the display device 1, particularly
in the Z-axis direction, so as to set the display device 1
near the observer 10.
[0032] Further, there are problems related to the dis-
parity of the observer 10 to be solved when superimpos-
ing the virtual image 25 on the real space. As described
above, the display device 1 according to the present em-
bodiment allows the observer 10 to perceive the display
information in the virtual image 25 with the display infor-
mation superimposed on the real space. However, in ac-
tuality, the observer 10 visually recognizes the display
information near the windshield 17, which causes dispar-
ity between the display information and the observation
target, on which the display information is superimposed,
in the real space.
[0033] FIG. 8 is an illustration of a relation between a
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convergence angle θ1 corresponding to an image-form-
ing position of an observation target 401 and a conver-
gence angle θ2 corresponding to an image-forming po-
sition of display information 411. The convergence angle
θ1 corresponding to the image-forming position of the
observation target 401 in the real space refers to an angle
formed by the lines of sight of both eyes of the observer
10 when the observer 10 visually observes the observa-
tion target 401. The convergence angle θ2 corresponding
to the image-forming position of the display information
411 of the virtual image 25 refers to the lines of sight of
both eyes of the observer 10 when the observer 10 vis-
ually observes the display information 411. The disparity
angle θpara is defined as |θ2 - θ1|. When the parallax
angle θpara exceeds 1 degrees (deg), the observer 10
perceives a double image and thereby often feels un-
comfortable or fatigued. Accordingly, in embodiments of
the present disclosure, the display device 1 is designed
to obtain the disparity angle θpara of 1 deg or less. For
example, when the distance L from the viewpoint position
to the image-forming position of the display information
411 is 3800 mm or more, and the distance from the view-
point position to the observation target 401 is 2000 mm
or more, the disparity angle θpara is 1 deg or less.
[0034] FIG. 9 is a graph of a relation between the dis-
tance (the distance to the target) from the viewpoint po-
sition to a target (including the observation target 401
and the display information 411) and the convergence
angle. As illustrated by a curve 421, the convergence
angle changes with the distance from the viewpoint po-
sition of the observer to the target. As illustrated in FIG.
9, when the distance to the target (hereinafter, some-
times referred to as the target distance) is approximately
3800 mm, the convergence angle is approximately 1 deg.
When the target distance (the distance from the viewpoint
position to the imaging position of the observation target
401) falls within the range of the convergence angle of
6 1 deg represented by the dotted chain line, the display
information 411 is allowed to be displayed at any position
in the real space that is viewable through the windshield
17 by the observer 10. Thus, when the distance L from
the viewpoint position of the observer 10 to the image-
forming position of the display information 411 is 3800
mm or more, the distance from the viewpoint position to
the observation target 401 is 2000 mm or more, so as to
satisfy the above-described conditions. In an actual use
situation (for example, when the display device 1 is
mounted on a mobile object such as a car), it is rare that
the distance from the viewpoint position to the observa-
tion target 401 on which the display information 411 is
desired to be superimposed is less than 2000 mm.
[0035] When the optical path length in the display de-
vice 1 is kept constant and the distance L is increased,
the magnification of the optical system in the display de-
vice 1 increases. The optical path length is the length of
the path of light that travels from the screen 13 on which
the intermediate image is formed to the windshield 17
onto which the virtual image 25 is projected. The magni-

fication of the optical system is the magnification with
respect to the intermediate image of the virtual image 25.
For example, the magnification is a value α obtained by
dividing the length of the virtual image 25 in the vertical
direction by the length of the intermediate image or the
screen 13 in the vertical direction, or a value β obtained
by dividing the length of the virtual image 25 in the hori-
zontal direction by the length of the intermediate image
or the screen 13 in the horizontal direction. As the mag-
nification of the optical system increases, the sensitivity
due to tolerance increases, which increases the demand
for assembly accuracy of the display device 1. Therefore,
as the magnification of the optical system increases, the
deterioration of the virtual image 25 due to a change in
the viewpoint position of the observer 10 increases. In
general, when the distance L is set to 3800 mm or more,
the magnification (both or one of α and β) of the optical
system is greater than 15 magnification in many cases.
With an increase in the optical path length, the magnifi-
cation of the optical system is reduced to 15 magnification
or less while maintaining the distance L of 3800 mm or
greater. However, with an increase in the optical path
length, the display device 1 disadvantageously increases
in size. To handle such circumstances, the display device
1 according to the embodiments of the present disclosure
includes a first flat mirror 14 to increase the optical path
length without the up-sizing of the display device 1.
[0036] FIG. 10 is an illustration of an example config-
uration of a first flat mirror 14 according to an embodiment
of the present disclosure. The first flat mirror 14 has a
first reflective area 31, a second reflective area 32, and
a common reflective area 33. In FIG. 10, the Z axis indi-
cates the depth direction of the apparatus 1000 (a car in
the present embodiment), and the direction parallel to
the reflection direction of the light. The X axis indicates
the lateral (vertical) direction of the apparatus 1000, and
the direction perpendicular to the reflection direction of
light. The reflection direction of light refers to a direction
(travel direction) in which light reflected by the first flat
mirror 14 travels, that is, a travel direction in which light
emitted from the second flat mirror 15 is reflected by the
first flat mirror 14 and is directed to the concave mirror
16 or light emitted from the concave mirror 16 is reflected
by the first flat mirror 14 and is directed to the windshield
17.
[0037] The first reflective area 31 is an area to reflect
light emitted from the screen 13 to the concave mirror
16. In the present embodiment, the "light emitted from
the screen 13" refers to light that has been emitted from
the screen 13 and reflected by the second flat mirror 15.
However, no limitation is intended therein. Thus, alter-
natively, in some embodiments, the light emitted from
the screen 13 is directly delivered to the first flat mirror
14 without striking on the second flat mirror 15 (without
the use of the second flat mirror 15). Further, in some
other embodiments, a mirror other than the second flat
mirror 15 is disposed in the optical path from the screen
13 to the first flat mirror 14, and the light emitted from the
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screen 13 is reflected by the plurality of mirrors and is
delivered to the first reflective area 31. The first reflective
area 31 allows enlarging the virtual image 25 to a maxi-
mum size to be displayed.
[0038] The second reflective area 32 is an area to re-
flect the light emitted from the concave mirror 16 to the
windshield 17. The second reflective area 32 allows en-
larging the virtual image 25 to a maximum size to be
displayed.
[0039] The common reflective area 33 is an area in
which the first reflective area 31 overlaps with the second
reflective area 32. The common reflective area 33 serves
as an area (the first reflective area 31) to reflect the light
emitted from the screen 13 to the concave mirror 16 and
also as an area (the second reflective area 32) to reflect
the light emitted from the concave mirror 16 to the wind-
shield 17. As the ratio of the common reflective area 33
to the entire reflecting surface of the first flat mirror 14
increases, the first flat mirror 14 decreases in size.
[0040] With the above-described configuration that re-
flects light two times using the first flat mirror 14, the op-
tical path length from the screen 13 that forms an inter-
mediate image to the windshield 17 that displays the vir-
tual image 25 advantageously increases. Further, with
the configuration that includes the common reflective ar-
ea 33, the first flat mirror 14 is advantageously down-
sized.
[0041] FIG. 11 is an illustration of an example of inci-
dent angles ϕ1 and ϕ2 of light reflected by the first flat
mirror 14 according to an embodiment of the present dis-
closure. In FIG. 11, the broken line indicates an optical
path through which the central ray of the virtual image
25 propagates to the reference viewpoint of the observer
10. The light reflected by the second flat mirror 15 enters
the first reflective area 31 on the first flat mirror 14 at the
incident angle ϕ1. In this case, the incident angle ϕ1 is
an incident angle obtained when observed from the YZ
plane to the optical system (for example, the first flat mir-
ror 14). Note that, the "light reflected by the second flat
mirror 15" is an example of light emitted from the screen
13. Thus, alternatively, in some embodiments, the light
emitted from the screen 13 is directly delivered to the first
flat mirror 14, instead of the light emitted from the second
flat mirror 15. Further, in some other embodiments, a
mirror other than the second flat mirror 15 is disposed in
the optical path from the screen 13 to the first flat mirror
14, and the light emitted from the screen 13 is reflected
by the plurality of mirrors and is delivered to the first re-
flective area 31.
[0042] The light reflected by the concave mirror 16 en-
ters the second reflective area 32 on the first flat mirror
14 at the incident angle ϕ2. Same as the incident angle
ϕ1, the incident angle ϕ2 is the incident angle obtained
when observed from the YZ plane to the optical system
(for example, the first 14).
[0043] The display device 1 according to the present
embodiment is designed to satisfy the relation of ϕ1> ϕ2.
In many cases, the space to mount the display device 1

in the apparatus 1000 such as a car is limited according
to the arrangement of various devices as described
above. Accordingly, in some cases, it is difficult to dispose
the second flat mirror 15 (light source section 11) and
the concave mirror 16 on the same side with respect to
the position of the first flat mirror 14 in the Z-axis direction.
In such a case, the display device 1 is designed to satisfy
the relation of ϕ1 > ϕ2, which allows the second flat mirror
15 (light source section 11) and the concave mirror 16
to be installed on different sides with respect to the first
flat mirror 14, thus reducing the size of the display device
1.
[0044] Preferably, the incident angle ϕ1 is approxi-
mately 1.6 times as great as the incident angle ϕ2. This
allows the second flat mirror 15 (light source section 11)
and the concave mirror 16 to be disposed at desired po-
sitions, in the situation where various mechanisms as
described above are arranged on the near side in the
dashboard and the holding mechanism of the windshield
17 and parts inside the bonnet are present in the far side
in the dashboard. Thus, the virtual image 25 increases
in the size in the vertical direction as much as possible.
[0045] When the relation of 1.2 3 ϕ2 ≤ ϕ1 ≤ 2.0 3 ϕ2
is satisfied, the above-described advantage is substan-
tially obtained. When ϕ1 is less than 1.2 3 ϕ2, the lower
area of the virtual image 25 is limited by an opening (an
opening to guide the light emitted from the concave mirror
16 to the windshield 17) above the concave mirror 16 or
the bonnet. When ϕ1 is greater than 2.0 3 ϕ2, the upper
area of the virtual image 25 is limited by an opening above
the second flat mirror 15 (the light source section 11) or
the bonnet. Thus, when the relation of 1.2 3 ϕ2 ≤ ϕ1 ≤
2.0 3 ϕ2 is not satisfied, the virtual image 25 decreases
in size and the quality of the display device 1 deteriorates.
[0046] Further, as illustrated in FIG. 10, when the di-
ameter of the first reflective area 31 in the Z-axis direction
(the direction parallel to the reflection direction of light)
is Z1, the diameter of the first reflective area 31 in the X-
axis direction (the direction perpendicular to the reflection
direction of light) is X1, the diameter of the second re-
flective area 32 in the X-axis direction is Z2, and the di-
ameter of the second reflective area 32 in the X-axis di-
rection is X2, the relation of Z1 > Z2 (Z1 is greater than
Z2), or the relation of X1 < X2 (X1 is less than X2) is
satisfied. In the present embodiment, the relation of Z1
> Z2 and the relation of X1 < X2 are satisfied. The con-
figuration that satisfies such relations allows the first re-
flective area 31 and the second reflective area 32 to over-
lap with each other, thereby forming the common reflec-
tive area 33.
[0047] Further, when Z1/X1 (the ratio of Z1 to X1) is
A1 and Z2/X2 (the ratio of Z2 to X2) is A2, the relation of
(A1/A2) < 2 is preferably satisfied. In this case, A1 is a
value indicating the degree of compression of the first
reflective area 31 in the Z axis direction and A2 is a value
indicating the degree of compression of the second re-
flective area in the Z axis direction. When the relation of
(A1/A2) < 2 is satisfied, the second reflective area 32 is
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more sufficiently compressed in the Z-axis direction than
the first reflective area 31 does. With such a configura-
tion, the incident angle ϕ2 at which light emitted from the
concave mirror 16 enters the second reflective area 32
is made smaller than the incident angle ϕ1 at which light
emitted from the second flat mirror 15 (the screen 13
when the second flat mirror 15 is not provided) enters
the first reflective area 31. This configuration reduces the
aberration of light emitted from the concave mirror 16,
and increases the image quality of the virtual image 25.
[0048] FIG. 12 is an illustration of an example in which
the first flat mirror 14 according to an embodiment of the
present disclosure (shown in right) is compared with a
first flat mirror 515 according to a comparative example
(shown in left). In the first flat mirror 515 according to the
comparative example, there is no area where the first
reflective area 31 and the second reflective area 32 over-
lap with each other. By contrast, the first flat mirror 14
according to the embodiments of the present disclosure
has the common reflective area 33 in which the first re-
flective area 31 and the second reflective area 32 overlap
with each other. With this configuration, the Z-axis direc-
tional length of the first flat mirror 14 according to the
embodiments of the present disclosure is shorter than
the first flat mirror 515 according to the comparative ex-
ample does. The sizes and shapes of the first reflective
area 31 and the second reflective area 32 according to
the comparative example are the same as those of the
first reflective area 31 and the second reflective area 32
according to the embodiments of the present disclosure.
As described above, the configuration according to the
embodiments of the present disclosure allows downsiz-
ing of the first flat mirror 14 and the display device 1 as
a whole.
[0049] With the above-described configuration that re-
flects light two times using the first flat mirror 14, the op-
tical path length from the screen 13 that forms an inter-
mediate image to the windshield 17 that displays the vir-
tual image 25 advantageously increases. Further, with
the configuration that includes the common reflective ar-
ea 33, the first flat mirror 14 is advantageously down-
sized. Hence, the embodiments of the present disclosure
increase the image quality of the virtual image 25 without
an increase in size of the display device 1.
[0050] Although the embodiments of the present dis-
closure have been described above, the embodiments
have been presented as examples, and are not intended
to limit the scope of the invention. Numerous additional
modifications, variations, and combination are possible
in light of the above teachings. It is therefore to be un-
derstood that within the scope of the appended claims,
the embodiments and variations may be practiced oth-
erwise than as specifically described herein. For exam-
ple, elements and/or features of different illustrative em-
bodiments may be combined with each other and/or sub-
stituted for each other within the scope of this disclosure
and appended claims.
[0051] Numerous additional modifications and varia-

tions are possible in light of the above teachings. It is
therefore to be understood that, within the scope of the
above teachings, the present disclosure may be prac-
ticed otherwise than as specifically described herein.
With some embodiments having thus been described, it
will be obvious that the same may be varied in many
ways. Such variations are not to be regarded as a de-
parture from the scope of the present disclosure and ap-
pended claims, and all such modifications are intended
to be included within the scope of the present disclosure
and appended claims.

Claims

1. A display device (1) comprising:

a screen (13) to form an intermediate image with
light;
a concave mirror (16); and
a first mirror (14) disposed between the screen
(13) and the concave mirror (16),
the first mirror (14) including:

a first reflective area (31) to reflect the light
emitted from the screen (13) to the concave
mirror (16), the concave mirror (16) reflect-
ing the light emitted from the first mirror (14)
to the first mirror (14); and
a second reflective area (32) to reflect the
light emitted from the concave mirror (16)
to an area where a virtual image is formed,

wherein the first reflective area and the second
reflective area at least partly overlap on each
other to form a common reflective area (33).

2. The display device (1) according to claim 1,
wherein conditional expression (1) below is satisfied: 

where

ϕ1 is an incident angle of light that is emitted
from the screen (13) and enters the first reflec-
tive area (31); and
ϕ2 is an incident angle of light that is emitted
from the concave mirror (16) and enters the sec-
ond reflective area (32).

3. The display device (1) according to claim 1,
wherein conditional expression (2) below is satisfied: 
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where

ϕ1 is an incident angle of light that is emitted
from the screen (13) and enters the first reflec-
tive area (31); and
ϕ2 is an incident angle of light that is emitted
from the concave mirror (16) and enters the sec-
ond reflective area (32).

4. The display device (1) according to any one of claims
1 through 3, wherein one of conditional expression
(3) and conditional expression (4) is satisfied: 

and 

where

Z1 is a diameter of the first reflective area (31)
in a direction parallel to a reflection direction of
the light that is reflected by the first mirror (14),
X1 is a diameter of the first reflective area (31)
in a direction perpendicular to the reflection di-
rection,
Z2 is a diameter of the second reflective area
(32) in the direction parallel to the reflection di-
rection, and
X2 is a diameter of the second reflective area
(32) in the direction perpendicular to the reflec-
tion direction.

5. The display device (1) according to claim 4,
wherein conditional expression (5) below is satisfied: 

where

A1 is Z1/X1, and
A2 is Z2/X2.

6. The display device (1) according to any one of claims
1 through 5,
wherein a virtual image formed with the light forming
the intermediate image has a magnification of 15 or
less relative to a magnification of the intermediate
image.

7. The display device (1) according to any one of claims
1 through 6, further comprising a second mirror (15)
to reflect the light emitted from the screen (13) to the

first mirror (14).

8. The display device according to claim 1, wherein the
screen (13) includes a microlens array.

9. An apparatus (1000) comprising:

the display device (1) according to any one of
claims 1 through 8; and
a transmission and reflection member (17) to
form an virtual image with the light forming the
intermediate image.

10. The apparatus (1000) according to claim 9,
wherein the transmission and reflection member (17)
includes a curve surface.
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